Levels of angiotensin and molecular biology of the tissue renin angiotensin systems.
The cloning of renin, angiotensinogen and angiotensin converting enzyme genes have established a widespread presence of these components of the renin-angiotensin system in multiple tissues. New sites of gene expression and peptide products in different tissues has provided strong evidence for the production of angiotensin independently of the endocrine blood borne system. In addition, the cloning of the angiotensin receptor (AT1) gene has confirmed the widespread distribution of angiotensin and suggested new functions for the peptide. This review of various tissues shows the variation in gene expression between tissues and angiotensin levels, and the fragmentary state of our knowledge in this area. As yet we cannot state that the gene expression of the substrates, enzymes and peptide products are involved in a single cell synthesis. This is not so much evidence against a paracrine function for tissue angiotensin, as lack of detailed, accurate intracellular information. The low abundance of renin in brain, spleen, lung and thymus compared to kidney, adrenal, heart, testes, and submandibular gland may suggest that there are both tissue renin-angiotensin systems (RAS) and nonrenin-angiotensin systems (NRAS). The NRAS could function through cleavage of angiotensinogen by serine proteinases such as tonin and cathepsin G to form Ang II directly. Although much angiotensinogen is extracellular and could therefore be a site of synthesis outside of the cell, intracellular angiotensinogen in a NRAS process could produce Ang II intracellularly without requiring extracellular conversion of Ang I to Ang II by ACE. In summary, renin mRNA is found in high concentrations in kidney, adrenal and testes and decreasing lower concentrations in ovary, liver, brain, spleen, lung and thymus. Angiotensinogen mRNA is found in the following tissues in descending order of abundance: liver, fat cells, brain (glial cells), kidney, ovary, adrenal gland, heart, lung, large intestine and stomach. It is debatable whether angiotensinogen and renin mRNA are expressed in blood vessels. The evidence that is lacking for a paracrine function of angiotensin is a complete description of the intracellular molecular synthesis and release of Ang II from single cells of promising tissues. Such tissues, SMG, ovary, testes, adrenal, pituitary and brain (neurons and glia) are potent sources of RAS components for future studies. Although the evidence for a paracrine function of angiotensin II is incomplete, it is an important concept for progressing toward the understanding of tissue peptide physiology and the significance of their gene regulation.